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ABSTRACT 
 
Purpose: This paper aims to synthesize the available published literature that examines 
the use of teleophthalmology as a tool to increase screening rates for diabetic retinopathy (DR) in 
vulnerable and rural populations.  
Methods: Literature from major databases were reviewed to determine whether 
teleophthalmology is an effective strategy for increasing screening rates for DR in identified 
populations. PubMed, Scopus and Google Scholar were searched using relevant keywords, all 
databases and search engines were restricted to the English language, without a publication date 
restriction. All study designs were included as long as they met the initial search criteria.  
Results:  Seventy-six articles (n=76) were identified as relevant for teleophthalmology, 
DR screening and vulnerable populations. After further review of these articles, twenty-one 
(n=21) articles were included in the literature review. All of the included studies demonstrate 
that telemedicine increases DR screening examination rate in vulnerable populations.  
Conclusion: Screening with teleophthalmology programs can help reduce vision loss 
rates due to DR.  Vulnerable populations as well as underserved areas can benefit from offering 
access to this cost-effective screening service.  
 
 
KEYWORDS: Telehealth, teleophthalmology, diabetes mellitus, diabetic retinopathy, screening 
rates, vulnerable populations, developing countries.  
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Introduction 
Diabetes mellitus (DM) has become a major medical problem throughout the world. 
According to the 2016 World Health Organization (WHO) report, globally, an estimated 422 
million adults were living with DM in 2014, compared to 108 million in 1980. Additionally, an 
estimated 8 million people have undiagnosed DM (World Health Organization, 2016). Over the 
past decade, DM prevalence has risen faster in low and middle-income countries than in high-
income countries (World Health Organization, 2016) therefore, the number of people presenting 
with complications from DM is growing as well.  DM can increase the overall risk of dying 
prematurely due to various systemic complications such as heart attack, stroke, kidney failure, 
nerve damage and vision loss due to diabetic retinopathy (DR) (World Health Organization, 
2016) 
 DR is the most common microvascular complication of diabetes (National Eye Institute, 
2015) internationally. Despite its importance, there are few accurate estimates of its prevalence, 
particularly in the advanced stages that are considered to be vision-threatening (Yau, et al., 
2012). A recent study showed that there are approximately 93 million people with DR, 17 
million with proliferative DR, 21 million people with diabetic macular edema and 28 million 
people with VTDR (vision-threatening diabetic retinopathy) worldwide (Yau, et al., 2012). DR 
progresses in an orderly fashion from mild retinopathy to more severe stages when lacking an 
appropriate intervention. It is important to recognize the stages when treatment is more effective, 
so our programs and interventions target that particular stage (American Academy of 
Ophthalmology Retina/Vitreous Panel, 2016). 
 According to the Centers for Disease Control and Prevention’s (CDC) projections, the 
number of Americans aged 40 years and older with DR and VTDR will triple by the year 2050.  
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The rate is increasing from 5.5 million in 2005 to 16.0 million for DR and from 1.2 million in 
2005 to 3.4 million for VTDR (Center for Disease Control and Prevention, 2015). These data 
highlight the importance of addressing DR at an early stage as well as the enormous public 
health burden that it represents globally. (Yau, et al., 2012) (Aptel, Denis, Rouberol, & Thivolet, 
2008).  
Blindness due to DR is largely preventable (Aiello, Cahill, & Wong, 2001). Primary 
prevention includes blood sugar and blood pressure control.  Secondary prevention includes laser 
photocoagulation and intravitreal injections.   To identify patients who are in need of treatment; 
effective and efficient screening programs need to be established (Aptel, Denis, Rouberol, & 
Thivolet, 2008). Research shows that properly implemented eye screening programs can save 
nearly $400 million per year (American Telemedicine Association, 2011). If analyzed in the 
context of a developing nation or vulnerable populations, these savings can allow for better 
distribution of resources and funds.  
The American Academy of Ophthalmology (AAO) recommends that patients with Type 
1 DM should have annual screening for DR beginning five years after the onset of their disease. 
Patients with Type 2 DM should have an initial examination at the time of diagnosis and at least, 
yearly examinations thereafter. (American Academy of Ophthalmology Retina/Vitreous Panel, 
2016). Unfortunately, rates of adherence to published guidelines are low, with only 35% to 60% 
of individuals with DM receiving an annual fundus examination in the U. S (Brady, Villanti, 
Gupta, Graham, & Sergott, 2014).  
  This paper will focus on DR and the use of telehealth, specifically, teleophthalmological 
screening as a tool to increase retinal screening rates for DR in vulnerable populations.  
Teleophthalmology is a branch of telemedicine that delivers eye care at a distance. It involves 
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taking digital retinal images in the primary care setting that are securely transferred via 
telecommunications technology to a remote eye specialist (Sim, et al., 2016) This platform is 
ideal for areas and populations that do not have access to regular eye screening services (Sim, et 
al., 2016). With recent advances in broadband coverage and development of new affordable 
equipment, telemedicine is becoming a component in healthcare systems around the world, and 
has the potential to help address and solve contemporary global health problems, such as DM 
and its complications (World Health Organization, 2010).  
 
Background 
 A vulnerable population, as defined by the American Hospital Association (AHA) is “a 
population that, due to their individual circumstances, is much more likely to be poor in health 
and have disabling conditions, are the ones at most risk of having less than optimal health 
services.” Disadvantages suffered by this population, according to the AHA, include: lack of 
access to quality primary care services, poor economy with high unemployment rates and limited 
economic resources, high rates of uninsurance and underinsurance that are not capable of 
ensuring access, high burden disease with an increased risk for poor health outcomes, cultural 
differences, lower education levels, and environmental challenges (American Hospital 
Association, 2016). 
 In this paper, a particular focus will be on vulnerable populations in developing countries, 
rural areas (even if located in a developed nation), and populations living in poverty.  The 
prevalence of DM in developing countries is increasing along with the need to address the 
complications that come with this chronic disease.  The biggest issue that is faced by most 
developing countries is the lack of resources to implement programs and the lack of trained 
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professionals to deal with the number of people affected by DR (Murthy, Murthy, Kapur, & 
Owens, 2012). Many patients with DM in predominantly rural areas do not have access to 
regular eye screening.  Subpopulations that live in these sectors (for example, African Americans 
or Latinos)  have higher prevalence of DM and higher severity of DR (Cummings, Morrissey, 
Barondes, Rogers, & Gustke, 2001) (Kumari Rani, et al., 2007), and hence, the main reason to 
focus on this population.  
 The examination of the human eye, and especially, the retina, started around the 1850’s, 
and ever since then, new procedures and devices have been created to fulfill the need of 
increasing screening rates for eye disease (Sim, et al., 2016). DR screening using 
teleophthalmology is more accessible for a large number of people as it can be easily done on a 
mobile platform (Sim, et al., 2016). Also, recent evidence indicates that teleophthalmology may 
increase the number of patients who receive DR screening examinations in rural and limited-
access populations as it allows for convenient and rapid retinal imaging without dilation (non-
mydriatic) in primary care clinics (Mansberger, et al., 2013). Ultimately, a major goal of a 
successful eye screening program is to achieve reasonable sensitivity and specificity in a cost-
effective, timely and socially/culturally acceptable manner, no matter what device is used.  
Another goal is the prevention of severe stages of DR by identifying high-risk patients for 
clinical intervention (Lopez-Bastida, Cabrera-Lopez, & Serrano-Aguilar, 2007). 
The most common devices utilized by a teleophthalmologic network include table-top 
cameras and hand-held devices.  Table 1 outlines the characteristics of hand-held and table-top 
cameras; this is important as vulnerable populations should have a comparison point to help 
inform their decision on which device to use for their programs. According to the American 
Telemedicine Association (ATA), the selection of an ocular telehealth system should be based on 
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the unique needs of each heath care setting (American Telemedicine Association, 2011). The 
gold standard for evaluating DR was first developed for the Early Treatment Diabetic 
Retinopathy Study (ETDRS).  Specifically, and as reported by Garg & Davis (2009) from the 
ETDRS research group “30-degree stereoscopic photography of seven-standard fields on color 
film” (ETDRS Research Group, 1991)(American Telemedicine Association, 2011). The goal of 
any telehealth program on digitization should be a favorable comparison with ETDRS film 
(American Telemedicine Association, 2011).  
Randomized Control Trials (RCTs) are considered the most rigorous scientific method 
for evaluating the effectiveness of health care interventions (Akobeng, 2005). Some RCTs have 
studied the effects of teleophthalmology on increasing screening rates for eye disease for both 
vulnerable and non-vulnerable populations. For example, a multicenter RCT published in the 
Journal of Telemedicine and e-Health,demonstrated that the group of DM patients randomized to 
the telemedicine group compared to traditional eye screening , were more likely to receive a DR 
screening examination withing the first year of enrollment (Mansberger, et al., 2013).  
A smaller RCT study,  published in the Journal of Diabetes Care studied a rural population in 
South Carolina (U.S.),showed that patients who received their eye exam via teleophthalmology 
at a primary care site, were five times more likely to obtain a screening eye examination than 
those who were asked to make an appointment with an eye care specialist (Davis, et al., 2003). A 
randomized observational study published in the Archives of the Spanish Society of 
Ophthalmology concluded that teleophthalmology programs are a useful tool in DR screening. 
According to this study, image readers (trained PCPs) can distinguish patients who need a 
referral through these programs, thus saving time and money (Rodriguez Villa, et al., 2016). A 
study conducted in the Canary Islands, Spain, published in Journal Compilation © 2007 
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Diabetes UK. Diabetic Medicine, demonstrated the effectiveness and accessibility of a 
community-based imaging program using a non-mydriatic digital camera in detecting sight-
threatening diabetic eye disease due to DR.  (Lopez-Bastida, Cabrera-Lopez, & Serrano-Aguilar, 
2007).   
Advantages of using teleophthalmology for eye screening programs were: immediate 
assessment of image quality and reception with or without mydriasis, ease of incorporation in 
electronic clinical records, immediate referral to ophthalmologist, image enhancement for more 
accurate interpretations and the potential for automated interpretation (Lopez-Bastida, Cabrera-
Lopez, & Serrano-Aguilar, 2007). 
Another study evaluated the efficacy of a telehealth program for DR screening in rural 
South India. The study concluded that telehealth is an effective tool for early detection of sight-
threatening complications of DR and this approach can be extended for mass screening of 
patients in rural settings and vulnerable populations where availability of healthcare 
professionals and healthcare services is inadequate. (Raman, et al., 2005).  
A systematic review that included more than 20 articles and 1960 participants was 
published in the British Journal of Ophthalmology to analyze the literature regarding the use of 
telemedicine for detecting DR. The methodological quality of included studies was evaluated 
uising the Quality Assessment for Diagnostic Accuracy Studies (QUADAS-2), a tool developed 
in 2003 to evaluate the risk of bias and applicability of primary diagnostic accuracy studies 
(Whiting, et al., 2011).  The results of the systematic review showed that the overall accuracy of 
telemedicine using digital imaging for DR is high (Shi, et al., 2015).  
A study titled “Telemedicine and Retinal imaging for Improving Diabetic Retinopathy 
Evaluation”, was published in 2012 in the Journal of the American Medical Association (JAMA). 
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The purpose of this study was to evaluate the impact of telemedicine on DR screening in a 
primary care setting with a diverse patient and payer mix, as well as to determine predictors of 
DR by analyzing clinical characteristics of the patients included in the study. Results show that 
by using teleophthalmology, the frequency of retinal screening in patients with Type 1 and 2 DM 
increased from 32% to over 70% in their study population in one year (Garg, Kshirsagar, King, 
Chaum, & Jani, 2012).  
A recent study demonstrated that a large-scale teleretinal DR screening program in Los 
Angeles County, Department of Health Services, resulted in three primary outcomes.  First, the 
elimination of unnecessary visits to eye care specialists, an increase in annual rates of screening 
for DR and a large reduction in wait times for accessing screening services for DR. The authors 
concluded that teleophthalmology has the potential to maximize access and efficiency of 
screening services in areas (underserved and vulnerable populations) where the need of such 
programs is critical (Daskivich, Vasquez, Martinez, Tseng, & Mangione, 2017).  Further 
explanations of the results of the aforementioned studies will be provided in the Discussion 
section.  
 
Methods 
 A comprehensive search of the scientific literature in PubMed and Scopus was conducted 
as of March 27th, 2017. Grey literature found in general search engines (e.g., Google Scholar) 
was also included.  The search strategy was based on the terms specified in Table 2 located in 
the Appendix section. All databases were restricted to English Language and freely available, 
published articles but without a publication date restriction nor a study design restriction. Then, 
the titles and abstracts were reviewed for relevance to teleophthalmology, diabetic retinopathy, 
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screening and vulnerable populations. The references for all included manuscripts were reviewed 
to identify papers that the initial search may have missed due to synonyms and differences in 
terms. All study designs were included as long as they met the initial search criteria. 
 
Results  
The search identified a total of (n= 292) published articles (67 and 225, from PubMed 
and Scopus, respectively). Twenty-five additional articles were identified through general search 
engines and classified as Grey Literature. Upon review of the identified articles, titles and 
abstracts, 76 manuscripts were designated as relevant to teleophthalmology, DR screening, and 
vulnerable populations. A full content review of those (n=76) articles was performed. The 
literature review revealed a total of (n=21) articles that were marked as relevant and included, 
where some articles were identified from the reference section of our initial eligible results. 
Refer to Appendix Table 2 for specific numbers of articles identified through references. Refer 
to Appendix Table 3 for further details on the selected relevant and cited articles throughout this 
paper. 
 
Discussion 
The results of the literature search are favorable.  Most manuscripts demonstrate that 
teleophthalmology is an effective strategy to increase eye screening rates for DR in vulnerable 
populations. It is important to focus research on these populations, as most of the chronic disease 
burden like DM is concentrated among these individuals due to greater exposure to related risks 
and decreased access to health services (World Health Organization, 2015).  
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 Randomized Control Trials (RCTs) are considered the most rigorous scientific method 
for evaluating the effectiveness of health care interventions (Akobeng, 2005). Some RCTs have 
demonstrated the effects of teleophthalmology on increasing screening rates for eye disease for 
both vulnerable and non-vulnerable populations. For example an RCT published in 2013 by 
Mansberger, et al. in Oregon, U.S. included a total population of (n=646) patients, of those, 
(n=567) patients were randomized into one of two different groups. Participants assigned to 
group 1 (n=296) received DR screening through telemedicine, group 2 (n=271) received 
traditional surveillance with an eye care provider. Results show that 94% of group 1 received 
screening services for DR within 12 months of enrollment, while only 56% of participants of 
group two received screening services for DR. Their results also show that DR was significantly 
associated with non-white primary ethnicity, African American and Hispanic/ Latino populations 
were disproportionately affected by DR (Mansberger, et al., 2013).  
A smaller RCT by Davis, et al. with a total population of (n=59) participants, (n=53) were 
African Americans (90%), and 21 participants (35.5%) had no insurance or were on a sliding 
scale (Davis, et al., 2003). Of those patients that were randomized to the Telemedicine/ 
teleophthalmology retinal screening program (n=30), 77% (n=23) obtained eye examinations 
compared to (n=4)/ (13.7%) of the (n=29) patients that were randomized to traditional eye care 
examinations. The results show that teleophthalmology can increase screening services in 
vulnerable and ethnically diverse communities (Davis, et al., 2003).    
 The randomized observational trial, published in 2016 in the Archives of the Spanish 
Society of Ophthalmology, included (n=394) patients with DM living in rural areas of Asturias, 
in North-West Spain, and each patient had participated in the first teleophthalmology program in 
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the area.  The study aim was to analyze diagnostic accuracy, screening rates for DR and referrals 
to ophthalmologists. The authors concluded that the majority of the patients (n=276, 70%) did 
not need a referral to an eye specialist, and that the Primary Care Professional (PCP), who was 
trained in image interpretation, was able to identify patients without DR or with mild DR 
accurately in 85% of the cases. The study also analyzed the improvement observed from study 
start to conclusion in the number of correct requests for an eye care specialist assessment.  They 
found a nearly 30% increase of correctly referred specialist requests; incorrect requests were due 
to improper technique and lack of training on image acquisition.  In general, the study found that 
this teleophthalmology program improved patient accessibility to screening services and reduced 
nearly 80% of unnecessary visits to an eye specialist (Rodriguez Villa, et al., 2016). 
 The authors Lopez-Bastida, Cabrera-Lopez, and Serrano-Aguilar, in an article published 
in the Journal Compilation © 2007 Diabetes UK. Diabetic Medicine demonstrated that the 
sensitivity and specificity of teleophthalmology through digital retinal imaging for DR screening 
is high. Out of the (n=895) Spanish patients approached, informed consent was secured from 
(n=773).  Their results show that sensitivity and specificity for digital imaging for sight-
threatening retinopathy was 100%, while for any other retinopathy sensitivity was 92% (CI=90, 
94) and specificity was 96% (CI=95, 98). Some professional organizations require a sensitivity 
of 90% and specificity of 95% for a screening method for sight-threatening DR (Aldington, et 
al., 1995) and this study demonstrated that digital imaging can exceed this criteria, and at the 
same time, increase the number of patients who undergo DR screening (Lopez-Bastida, Cabrera-
Lopez, & Serrano-Aguilar, 2007). 
 A pilot study published in 2005 in the eHealth International Journal, examined 
teleophthalmology screening for DR in rural South India. The program included (n=583) patients 
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with a mean age of 53.8 r 10.6 years and a mean duration of DM of 5.8 years. Their images were 
graded by a retina specialist in the base hospital in the rural area. The study observed that up to 
73.6% (95 CI= 0.70-0.77) of the rural population had never had retinal examination for DR or 
any other eye disease.    Through this program, only 22 images (2.2%) were not gradeable due to 
poor imaging technique. DR was identified successfully in 20% of the patients. The results show 
that teleophthalmology programs are effective for detection of sight-threatening complications of 
DR (Raman, et al., 2005). 
 A systematic review and meta-analysis published in the British Journal of 
Ophthalmology showed that the diagnostic accuracy of digital imaging in DR is overall high. It 
included 20 studies in their qualitative synthesis and 18 studies in their meta-analysis. Even 
though they mentioned limitations for their study, such as heterogeneity of results and the raw 
data provided by some of the selected studies, the meta-analysis was able to detect levels of 
sensitivity and specificity higher than the recommended guidelines. Again, these findings 
support the use of teleophthalmology programs for DR screening (Shi, et al., 2015). 
 A total of (n=1,002) patients with DM were evaluated in one year on the study conducted 
at a University of North Carolina primary care clinic in 2012. In this study, the screening 
frequency improved from 32% to 71% by using telemedicine and retinal imaging.  Also, (n=869, 
86 %) of the patients had no retinopathy and the prevalence of DR was significantly higher 
among the African-American population (71%) compared to the Caucasian population (27%).  
(Garg, Kshirsagar, King, Chaum, & Jani, 2012) 
 The latest article published on this topic on March 27th, 2017 in the Journal of the 
American Medical Association (JAMA) of Internal Medicine, found that among the (n=21,222) 
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patients who underwent screening for DR, the median time for DR screening decreased from 158 
days prior to the program intervention to 17 days after program initiation. Overall annual 
screening rates for DR increased from (n=5,942) out of (n=14,633) patients.  These values 
represent (40.6%) screened before initiation of the program, to (n=7470) of (n=13,133) patients 
(56.9%) screened after initiation of the program at all targeted clinics.  This data demonstrates an 
increase of 16.3% in annual rates of screening for DR (Daskivich, Vasquez, Martinez, Tseng, & 
Mangione, 2017).  
Most of the published literature, and the articles included in this paper support the use of 
telehealth services for increasing screening rates for DR for both vulnerable and non-vulnerable 
populations around the world.  However, a retrospective study published in 2011 in the 
Telemedicine and e-Health Journal, analyzed the usage of a telehealth/telemedicine platform for 
detection of nondiabetic eye disease (e.g., cataract, suspicious nerve, and macular degeneration).  
This study’s findings were not favorable for teleophthalmology programs for detecting non-DR 
conditions (Maa, Patel, Chasan, Delaune, & Lynch, 2011). Further research is needed to confirm 
the results of this retrospective study, but the results are important to consider when  
implementing comprehensive preventive ophthalmological services. (Maa, Patel, Chasan, 
Delaune, & Lynch, 2011).  
 
Limitations 
The results of this study should be placed in the context of the following limitations. 
First, according to our literature search and review, there are a limited number of publications 
focusing specifically on developing countries or vulnerable and rural populations. Despite global 
efforts toward the reduction and elimination of disparities in healthcare access and services, these 
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remain real issues that need to be addressed (The American Journal of Managed Care, 2006).  
Most of the studies identified by this literature search and review represent upper- and middle-
income countries, which tend to have more documentation and programs available. 
Based on the inclusion criteria, only articles written in the English language were 
included. This might be our greatest limitation, even if implemented for academic reasons, 
because English is not the primary spoken language in most developing countries or vulnerable 
populations around the world (Mphil, Ramulu, Lamoureux, & Sabanayagam, 2016), without 
including studies published in other languages, is possible that the results from the studies 
reviewed in this paper might not be generalizable.  
Finally, the literature review only included published articles in the aforementioned 
databases, and due to lack of resources, many programs implemented for the benefit of 
vulnerable populations and in low-income countries may not be in a format that is accessible to 
all healthcare professionals (Mphil, Ramulu, Lamoureux, & Sabanayagam, 2016).  
Recommendations for Public Health Leadership 
 Public Health Leadership can play a vital role in advocating for and implementing 
teleophthalmology programs that can largely benefit vulnerable populations. Based on the 
evidence, many programs have been proven successful. The following recommendations for 
implementing teleophthalmology programs aimed to support vulnerable populations as described 
in this paper are based on both the identified published literature and my personal experiences 
with these programs. 
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The first recommendation is for the use of handheld digital retinal photography cameras 
for teleophthalmology programs.  (Refer to Table 1 for general characteristics of handheld 
cameras.) 
These devices are less expensive when compared to table top cameras (Welch Allyn ®, 2015), 
(Chen, Swinney, Chen, Bal, & Nakatsuka, 2015).One of the problems in serving the needs of 
vulnerable populations is the lack of resources (American Hospital Association, 2016). Using a 
less expensive device allows for these programs to work without compromising funds that can be 
used to extend the screening services to more individuals.  
Proper image acquisition is vital for any teleophthalmology program to succeed (Tozer, 
Woodward, & Neman-Casey, 2015). It is important for proper training session(s) to be provided 
to the staff members who are obtaining the images. Handheld devices allow for an easier training 
process for image capture, when compared to table-top cameras (Welch Allyn ®, 2015). 
Nonetheless, it is important for proper training session(s) to be provided to the staff members 
who are obtaining the images given that unless a referral to an eye specialist is needed, 
teleophthalmological programs might be the only contact with the patient regarding eye care 
services (Tozer, Woodward, & Neman-Casey, 2015).  
According to the ATA, for image acquisition personnel to be ready, they must have basic 
understanding of teleophthalmology technology and principles, must learn proper skills for 
obtaining images of diagnostic quality, as well as must be able to identify common retinal 
diseases that require immediate clinical attention (American Telemedicine Association, 2011).  
From my experience in Monterrey, Mexico, as head of the Teleconsulting services for the 
Ministry of Health, and in working with table-top cameras in order to increase DR screening 
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rates, I found that staff re-training was necessary, since the rate of unreadable images was nearly 
60% in any given week.  
The second recommendation is for all decision-makers to engage stakeholders in the 
analysis of the usability of the software and device that is intended for image interpretation. The 
purpose is to ensure the proper quality and utilization of images and patient data.  
Validation of clinical diagnostic accuracy is a requirement for monitors and settings of the 
interpretation software (American Telemedicine Association, 2011). From personal experience 
in Mexico, we did not have a specialized software for image interpretation, which might have a 
direct impact on the results of the teleophthalmology program, as it could increase the rate of 
unreadable images and incorrect diagnosis.   
According to the ATA, retinal images used for diagnosis should be displayed on high-
quality monitors of appropriate size and resolution (American Telemedicine Association, 2011). 
In Mexico, the screens used for interpretation varied in quality among readers as most of them 
used either the low-resolution hospital equipment or their personal devices.  
The ATA also states that ocular telehealth systems should provide storage capacities in 
compliance with facility, state and federal medical records. Images can be stored at imaging or 
reading sites and past reports should be readily available for research purposes or re-evaluation 
(American Telemedicine Association, 2011). In Mexico, the lack of software interpretation 
system forced us to send and receive images through an email server provided by the state 
Ministry of Health. Image storage was not properly conducted. Once the images were 
downloaded from the email server, they were stored in a computer that non-program-related staff 
had regular access to.  
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The third and final recommendation is that eye specialists, and if possible, retina 
specialists perform image interpretation. Only one of the studies included in this review, utilized 
PCPs as image readers, the rest of them were read by eye specialists. A study published by the 
AAO, suggests that retina specialists are the most reliable personnel to interpret retinal fundus 
images for DR screening, without requiring any additional training (Ruamviboonsuk, 
Teerasuwanajak, Tiensuwan, & Yuttitham, 2006). This study also compared the specificity and 
sensitivity for pairs of readers in different  personnel groups (e.g. retina specialists, general 
ophthalmologists, eye care photographers, and nurses).  The authors concluded that experience 
plays a large role in the image interpretation.  
General ophthalmologists as well as residents should undergo additional training to 
provide accurate and reliable interpretation of the images.  Non-physician practitioners, although 
not recommended, might undergo comprehensive training paired with their expertise on 
telehealth or image acquisition (Ruamviboonsuk, Teerasuwanajak, Tiensuwan, & Yuttitham, 
2006), as they might represent the only option in some vulnerable populations.  In my particular 
experience, while running a teleophthalmology program in Mexico, first-year residents were not 
able to read images that attendings and senior residents were able to read accurately. The ATA 
suggests that if not possible to have a retina specialist as part of the staff, the retina specialist 
should at least serve as a supervisor who is available for ambiguous or controversial 
interpretations (American Telemedicine Association, 2011).  
 
Conclusion 
The identified literature demonstrates that teleophthalmology DR screening improves 
screening rates, improves treatment rates, and can reduce vision loss due to diabetes (Tozer, 
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Woodward, & Neman-Casey, 2015). Additionally, screening for DR via telemedicine can be 
cost-effective, especially in remote and underserved areas. Given the fact that the number of 
people with DM is increasing at a rapid rate, we may see a necessary surge in teleophthalmology 
programs for diabetic screening in the future. (Tozer, Woodward, & Neman-Casey, 2015) 
(Center for Disease Control and Prevention, 2015). 
Of note, digital retinal imaging for DR screening offered through teleophthalmology, 
does not replace a regular eye examination. (American Academy of Ophthalmology 
Retina/Vitreous Panel, 2016)  Furthermore, DR screening should not be used as a replacement 
for a comprehensive eye care;  rather it should be used as an additional avenue to reach more 
patients and achieve the common goal of minimizing preventable visual impairment (Zimbalist 
& Scharnweber, 2016).  
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APPENDIX  
Table 1. Comparing average Non-mydriatic table-top camera and handheld cameras. 
Equipment Cost Portability Clarity and 
Magnification 
Training Digitally 
Capable 
for EMR 
Comfort / 
ease of use 
Non-Mydriatic 
Table-top 
camera1 
$15,000 Poor Excellent Good Yes Fair- Good 
Non-mydriatic 
handheld 
camera2 
$5,000 Excellent Good Excellent Yes Excellent 
SOURCES:  1. (Chen, Swinney, Chen, Bal, & Nakatsuka, 2015)  2. (Welch Allyn ®, 2015) 
 
Table 2. Search terms and number of results.  
Database PubMed Scopus Grey Literature (Google/ 
search engines)  
Search 
phrase 
(((((((((Teleophthalmology) 
OR Tele-ophthalmology) OR 
Tele ophthalmology) OR 
Teleretinal) OR Tele retinal) 
OR Tele-retinal) AND 
screening) AND Diabetic) 
AND Retinopathy) 
(((((((((Teleophthalmology) 
OR Tele-ophthalmology) OR 
Tele ophthalmology) OR 
Teleretinal) OR Tele retinal) 
OR Tele-retinal) AND 
screening) AND Diabetic) 
AND Retinopathy)  
- World Health 
Organization 
- Center for Disease 
Control 
- Optometry Review 
- American Hospital 
Association 
- American 
Telemedicine 
Association 
# initial 
results 
67 225 25 
Relevant/ 
eligible 
abstracts 
31 46 11 
Additional 
articles 
identified 
from 
reference list 
review 
4 8 4 
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Table 3.  Evaluation of selected relevant articles and key findings 
Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
(Aiello, Cahill, & 
Wong, 2001) 
Journal Article, 
American 
Journal of 
Ophthalmology 
DM / DR  Blindness from diabetic 
retinopathy is now largely 
preventable with timely 
detection and appropriate 
interventional therapy.  
 
(Akobeng, 2005) Literature 
Review 
Other Understanding Randomized 
controlled trials 
(Aldington, et al., 
1995) 
Journal Article, 
Diabetology  
TO / DR / S  System used proved to be 
accurate, repeatable and 
simple to use. 
Recommendations on 
sensitivity and specificity % 
for DR screening.  
(American Academy 
of Ophthalmology 
Retina/Vitreous 
Panel, 2016) 
Guidelines for 
best practice 
TO / DR  Current Recommendations on 
eye screening in patients with 
DM.  
(American Hospital 
Association, 2016) 
Technical 
Report 
DC/ VP Definition of Vulnerable 
Populations, Telehealth 
services to provide quality 
healthcare services to them. 
(American 
Telemedicine 
Association, 2011) 
Guidelines for 
best practice 
TO / S / DR  Recommendations on how to 
properly implement a 
teleophthalmology program 
for eye screening services.  
(Aptel, Denis, 
Rouberol, & 
Thivolet, 2008) 
Journal Article 
Diabetes & 
Metabolism 
DM, DR Effectiveness of digital 
photography in detecting 
specific characteristics of a 
diabetic retina.   
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Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
(Brady, Villanti, 
Gupta, Graham, & 
Sergott, 2014) 
Journal Article 
Ophthalmic 
Surgery 
DM, DR, TO Burden of DR, 
Teleophthalmology as a cost-
effective option for screening.  
(Center for Disease 
Control and 
Prevention, 2015) 
Technical 
Report 
DM / DR  Projection of DR among 
people with DM in the US, 
2005-2050 
(Chen, Swinney, 
Chen, Bal, & 
Nakatsuka, 2015) 
Journal of 
Medicine & 
Public Health 
DM / DR / TO / S  Providing access to an 
automatic fundus camera 
would benefit overall medical 
care and medical education 
techniques.  
(Cummings, 
Morrissey, 
Barondes, Rogers, & 
Gustke, 2001) 
Journal of Rural 
Health  
DR / TO / S  Digital screening is a feasible 
screening modality in rural 
areas, improving access to 
eye care and compliance with 
screening recommendations.  
(Daskivich, 
Vasquez, Martinez, 
Tseng, & Mangione, 
2017) 
Journal Article, 
JAMA of 
Internal 
Medicine 
TO/ DM/ DR / VP / 
S /  
Analyzes the implementation 
of a primary care- based 
teleophthalmology program 
in the Los Angeles County 
Department of Health 
Services. 
(Davis, et al., 2003) Journal of 
Diabetes Care 
Randomized 
Controlled Trial  
 DM / DR / TO / S Patients who received an eye 
examination via telemedicine 
at a primary care site are six 
times more likely to obtain an 
eye examination 
(ETDRS Research 
Group, 1991) 
Journal Article, 
American 
Academy of 
Ophthalmology 
DM  Modified Airlie House 
classification of DR and its 
use in the ETDRS.  
(Garg, Kshirsagar, 
King, Chaum, & 
Journal Article, 
JAMA Internal 
TO/ S / DR/ DM/ VP Screening for DR frequency 
improvement in a primary 
- 31 - 
Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
Jani, 2012) 
 
Medicine care clinic in NC.  
(Kumari Rani, et al., 
2007) 
Journal Article 
British Journal 
of 
Ophthalmology 
DM/ DR / DC / VP  Teleophthalmological 
screening is a cost-effective 
approach for DR screening in 
vulnerable populations.  
(Lopez-Bastida, 
Cabrera-Lopez, & 
Serrano-Aguilar, 
2007) 
Journal 
compilation © 
Diabetes UK. 
Diabetic 
Medicine. 
 
DR / S / TO / DM / 
VP 
Study confirms that digital 
retinal imaging with a non-
mydriatic camera is an 
effective option in 
community based screening 
programs for DR.  
(Maa, Patel, Chasan, 
Delaune, & Lynch, 
2011) 
International 
Journal of 
Family 
Medicine, 
Review Article 
TO/ DR/ VP/ DC Teleophthalmology can be an 
effective model for improving 
eye care delivery system in 
rural and underserved areas 
(India).  
(Mansberger, et al., 
2013) 
Journal of 
Telemedicine 
and e-Health 
TO / DM / DR/ S / 
VP/ DC 
Telemedicine using non-
mydriatic cameras increased 
the proportion of participants 
who obtained DR screening 
and most didn’t require 
follow-up with an eye care 
provider.  
(Mphil, Ramulu, 
Lamoureux, & 
Sabanayagam, 2016) 
Journal Article, 
Clinical and 
Experimental 
Ophthalmology 
TO / DR/ DC / VP Upper-middle income 
countries had the most studies 
using fundus cameras as well 
as an increased focus on 
identifying DR risk.  
(Murthy, Murthy, 
Kapur, & Owens, 
2012) 
Journal Article, 
Diabetes 
Research and 
Clinical 
DM / DR / DC /VP / 
S  
Analyzes different screening 
models for DR that have 
enormous potential to reach 
out to the diabetic population 
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Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
Practice living in remote and 
underserved areas of 
developing nations.   
(Raman, et al., 2005) Journal Article 
e-Health 
International 
Journal.  
TO / DM / DR / S / 
VP / DC  
Telehealth programs are an 
effective tool of early 
detection of sight-threatening 
complications of DR, mass 
screening of patients in rural 
settings is possible.  
(Rodriguez Villa, et 
al., 2016) 
Journal Article, 
Archives of 
Ophthalmology 
Spanish Society 
 TO / DR / S / VP  Tele-ophthalmology 
programs are a useful tool in 
DR screening. Primary care 
physicians are able to 
distinguish patients who need 
specialist care, avoiding 
unnecessary referrals to 
ophthalmologists, and it is a 
cost-saving approach.   
 
(Ruamviboonsuk, 
Teerasuwanajak, 
Tiensuwan, & 
Yuttitham, 2006) 
Interobserver 
Reliability 
study by the 
American 
Academy of 
Ophthalmology  
TO / DM / DR / S  Retina specialists are the 
most reliable personnel to 
interpret single-field digital 
fundus images for DR 
screening. Other health care 
personnel should receive a 
comprehensive instruction 
course with specific 
continuing education goals.   
(Shi, et al., 2015) Systematic 
Review, British 
Journal of 
Ophthalmology 
TO / DR / S  The diagnostic accuracy of 
telemedicine using digital 
imaging in DR is overall 
high. It can be used widely 
for DR screening.  
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Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
(Sim, et al., 2016) Journal Article, 
Diabetes 
Science and 
Technology 
TO/ DR/ S  Evolution of retinal 
screening, evidence 
supporting teleophthalmology 
and current programs in the 
United Kingdom.  
(The American 
Journal of Managed 
Care, 2006) 
Journal Report VP / DC  Further Definition and 
research on Vulnerable 
Populations and the disease 
burden suffered by them.  
(Tozer, Woodward, 
& Neman-Casey, 
2015) 
Journal Article, 
Review. Journal 
of 
Endocrinology 
and Diabetes 
TO / DR / S  Telemedicine programs have 
been clinically validated and 
successfully implemented 
across the globe. They can 
provide a high-level of 
clinical accuracy for 
screening for DR while 
improving patient access in a 
cost-effective and scalable 
manner.  
(Welch Allyn ®, 
2015) 
Website  TO / DR / S  Retinavue™ Network. 
Handheld device – single 
field, 45-degree view.  
(Whiting, et al., 
2011) 
Journal Article, 
Annals of 
Internal 
Medicine 
Other Details on using QUADAS-2 
tool for systematic reviews.  
(World Health 
Organization, 2016) 
Report DM / DR  Global Burden of disease for 
Diabetes Mellitus and 
Diabetic Retinopathy in 2016.  
(World Health 
Organization, 2015) 
Website / 
Chronic 
Disease and 
Health 
VP / DC / OTHER The poorest people are at 
most risk of developing 
chronic disease and dying 
prematurely from them. 
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Citation (Authors & 
Year) 
Source Type (e.g., 
peer-reviewed, 
journal article, 
book, technical 
report, website, 
etc.) 
Teleophthalmology 
(TO), 
Screening (S), 
Developing countries 
(DC) or Vulnerable 
Populations (VP), 
Diabetic Retinopathy 
(DR), Diabetes Mellitus 
(DM), Other 
Key Findings 
promotion Chronic disease can cause 
poverty in individuals and 
families.  
(World Health 
Organization, 2010) 
Report TO / VP / DC / 
OTHER 
Recommendations for Proper 
Telemedicine Program 
implementation and different 
uses of telehealth / 
telemedicine.  
(Yau, et al., 2012) Journal Article, 
Diabetes Care 
Journal 
DM / DR / S There are approximately 93 
million people with DR, 17 
million with proliferative DR, 
21 million with diabetic 
macular edema, and 28 
million with VTDR 
worldwide.  
(Zimbalist & 
Scharnweber, 2016) 
Website / 
Editorial 
Optometry 
Review  
TO/ DM / DR / S / 
DC  
General landscape and 
limitations of 
teleophthalmology and use of 
digital imaging devices.  
 
 
 
 
 
 
 
 
